Some of the basic developments in the theory of electromagnetic field representation in terms of Hertz vectors are reviewed. A solution for the field in an inhomogeneous anisotropic medium is given in terms of the two Hertz vectors. Conditions for presentation of the field in terms of uncoupled transverse electric and transverse magnetic modes, in a general orthogonal coordinate system, are derived when the permeability and permittivity tensors have only diagonal components. These conditions are compared with some known special cases.
Abstract. Some of the basic developments in the theory of electromagnetic field representation in terms of Hertz vectors are reviewed. A solution for the field in an inhomogeneous anisotropic medium is given in terms of the two Hertz vectors. Conditions for presentation of the field in terms of uncoupled transverse electric and transverse magnetic modes, in a general orthogonal coordinate system, are derived when the permeability and permittivity tensors have only diagonal components. These conditions are compared with some known special cases.
Index Headings: Electromagnetic theory -Anisotropic medium -Hertzian-vector representation Analysis of electromagnetic field in inhomogeneous anisotropic media has practical applications in antenna, scattering and propagation problems. In the analysis of radiation from an oscillating electric dipole in free space, Hertz [1] introduced a potential of the type which now bears his name. Since that time, considerable use has been made of the Hertz potentials. Field representation, using electric and magnetic Hertzian potentials was investigated by In spite of these developments, a full treatment of the question of mode uncoupling is not yet available even for homogeneous media. Although the present paper does not resolve this general question, it does treat a particular anisotropic model. The media under consideration are assumed source free. It is known that in many applications, especially when mixed boundary conditions are to be applied, mode coupling is necessary in order to satisfy such conditions. These cases are not considered in the present work and the possibility of mode uncoupling by transformation of coordinates will not be discussed. A general solution of Maxwell equations for sourcefree anisotropic inhomogeneous media is presented in terms of general orthogonal coordinates. The permittivity ~ and permeability/i are tensor functions of position, assumed non-singular so that their reciprocal exist. The gauge transformations allow for field representation in terms of only two scalars (components of Hertzian potentials) satisfying certain differential equations. These equations are, in general, of higher order than the second, but under certain conditions they reduce to second order. These conditions, which lead to uncoupled TE and TM representations, are considered in detail when the permittivity and permeability have their principal axes in the direction of the coordinate axes. The previous works of Bromwich [4] , Nisbet [9], Wexler [12], Parkinson [14] and Friedman [-11] are special cases of the present analysis.
Field Equations
The electromagnetic field within a stationary nonconducting source-free medium satisfies Maxwell's equations
VxE=-B
(1) 
where a dot over a function indicates derivative with respect to time, and the permittivity ~ and permeability/i are tensor functions of position and are assumed non-singular so that their reciprocals exist.
Since B is a selonoidal vector, one may write
where r% is a Hertz vector (electric type). Using (7), Eqs.
(1) to (6) 
The question of generality of the above representation was considered by Nisbet [8], [9] who derived identical equations starting from a representation in terms of scalar and vector potentials. It may be pointed out that the introduction of both types of Hertzian vectors is for the sake of generality, and may facilitate the analysis because of duality between electric and magnetic parameters, and depending upon the particular problem under consideration, one type may be more appropriate than the other. The fact that one type leads to the other may be made obvious by introducing a new Hertz vector H e given by ~r~le =/~e Jr-~ -1 " VN /~rn-
Upon using (8) and (12), Eq. (14) immediately follows. In fact, since the solution of Maxwell's equation is uniquely determined by assigning initial
